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ABSTRACT 1 
Fuel use in aviation is burdening the industry owing to its expense and worries about carbon dioxide emis-2 
sions. With limited technological solutions for aircraft, small improvements in fuel efficiency are becoming 3 
increasingly important. Cost Index (CI) is a tool which controls the speed of an aircraft and therefore overall 4 
fuel use. Although the concept is simple, balancing fuel costs and time-dependent costs it is subject to misuse. 5 
This study aims to evaluate how the correct use of CI can affect fuel use and carbon emissions and assess the 6 
barriers and measures that are needed in finding the optimal CI value. A range of CI values are modelled for 7 
six different aircraft types to assess the difference in flight time and fuel use, before costs  are modelled for a 8 
B767-300ER. Real aircraft data is used to validate results and provide an insight into the practical flight con-9 
siderations that are required when using the CI. Results show that although changing CI values may only 10 
result in small changes in fuel use of around 1%, when this is applied over a route, an airline and the whole 11 
industry the fuel and carbon savings are significant. It is concluded that CI needs to be considered as an im-12 
portant tool and much better understanding of its use is needed along with factors, such as carbon pricing, 13 
which will affect its use in the future.   14 
 15 
 16 
  17 
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INTRODUCTION 18 
The airline industry is facing increased pressure to reduce its fuel use owing to the combined threats of oil 19 
price volatility and ever increasing carbon emissions. Even small decreases in fuel use are important for air-20 
lines as the industry faced a fuel bill of $214 billion in 2013, accounting for almost a third of operating ex-21 
penses, and emissions of 705 million tonnes of carbon (ATAG, 2014). With limited technological solutions 22 
WRVXEVWDQWLDOO\GHFUHDVLQJWKHLQGXVWU\¶VGHSHQGHQFHRQRLODLUOLQHVDUHLncreasingly reliant on combining 23 
small increases in fuel efficiency.  24 
 25 
Whilst efforts are continually made to find technological solutions to this problem, there are also simple op-26 
erational procedures that could have a significant impact on fuel use. One such tool is the Cost Index (CI), 27 
which when entered into the flight management system, determines the speed of the aircraft. Slower speeds 28 
result in less fuel use and therefore less carbon emissions. However, airlines also have to consider the effect 29 
this will have on time-dependent operating costs such as labour and maintenance. A balance must be found 30 
between the two sets of costs. From equation [1] the CI calculation appears simple, but in reality there is evi-31 
dence to suggest that this is not the case. 32 
 33 
   &RVW,QGH[ &RVWRI)XHONJ&RVWRI7LPH ?Ȁ୫୧୬ሻ [1] 
It appears that there is sub-optimal use of CI with evidence of a) it is being misused to estimate speeds and/or 34 
b) it being miscalculated. In the first instance there are reports that airlines have adjusted CI values to fit 35 
schedules, approximate long range cruise (LRC) or have simply adjusted values from other air-36 
craft/manufacturers (Airbus, 1998). In the latter case, miscalculations are common owing to the difficulty in 37 
determining the correct time-dependent and fuel costs$VVWDWHGE\%XUURZVHWDO&,LV³DQDFFRXQt-38 
ing innovation developed largely by non-DFFRXQWDQWV´DQGIOLJKWRSHUDWLRQVFDQRIWHQILQGLWKDUGWRSHUVXDGH39 
airline financial analysts to determine these marginal operating costs. Additionally, there are a number of 40 
factors that will affect the calculation of CI going forward. One of the most important is the introduction of a 41 
global carbon price into the industry from 2020, with European airlines already subject to the European 42 
Emissions Trading Scheme (EUETS). 43 
 44 
The aim of this study is to demonstrate how the use of CI in normal flight operations can affect fuel burn and 45 
carbon emissions and explore the barriers that exist in doing this. Additionally factors that will affect the use 46 
of CI in the future are also identified. To achieve these aims this study compares a range of CI values for dif-47 
ferent aircraft models, assesses the costs of a flight and uses real airline data to validate and identify the prac-48 
tical issues of a flight that will affect the CI.   49 
 50 
LITERATURE REVIEW 51 
Previous studies on the topic of CI are not numerous with very few studies pertaining to the use of CI as a 52 
tool for managing carbon emissions. However, studies have been conducted on the subject for over three 53 
decades. Liden (1985) sets out some of the principles of the relationship between CI and flight parameters, 54 
such as speed, flight time and fuel burn. Using simulations of DC-10 aircraft, the aim was to demonstrate 55 
how the optimum CI can be calculated, but also how the speed could be adjusted to achieve a desired flight 56 
time. This methodology is now outdated as more powerful computer programmes have become available to 57 
calculate optimum CI values, but the relationships between flight parameters and CI are still important. 58 
 59 
Another early study on CI was that of Dejonge and Syblon (1984) which explored the use of CI in the Amer-60 
ican Airlines fleet. It is described how in 1979 savings in fuel of 2.1% were associated with the use of CI. 61 
This was when the service was point-to-point, but the paper goes on to explain how this changed with dereg-62 
ulation and the creation of hub-and-spoke operations. At American Airlines, as with many other airlines, the 63 
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standard was for 65% of flights to arrive within five minutes of schedule and 85% of departures operated 64 
within 10 minutes of schedule. This highlights one of the issues in using CI with network schedules needing 65 
to be met, an issue that has increased in importance since with increasing demand for air travel. 66 
Cook et al. (2009) have produced the most extensive work on CI costs with the aim of developing a dynamic 67 
CI in the case of delay. The study highlights the difficulty in airlines quantifying the time-dependent costs of 68 
DIOLJKWVWDWLQJ³PDQ\DLUOLQHVZLOOUHDGLO\FRQFHGHWKDWWKHZD\GHOD\UHFRYHU\Gecisions are made can be 69 
DUELWUDU\RUEDVHGRQFUXGHUXOHVRIWKXPE´. The study identifies the key elements that need to be considered 70 
in order to create a successful dynamic CI. These include air traffic control (ATC) and air traffic manage-71 
ment (ATM) issues; costs to the airlines; and aircraft performance, and operational capability of the aircraft 72 
to adapt its speed. The last factor concerns environmental impact. The inclusion of this is an acknowledge-73 
ment that the political position over emissions is uncertain, therefore adopting a flexible framework is neces-74 
sary. The two main objectives are to ensure the model of CI is still useful if emissions-related charges are 75 
introduced and to allow airlines to take emissions into account in their decision making process when re-76 
sponding to delay. 77 
 78 
Looking at CI from a cost management perspective, Burrows et al. (2001) suggest that airlines are failing to 79 
H[SORLW&,¶VIXOOHFRQRPLFSRWHQWLDODQGLGHQWLI\ the causes and costs arising from sub-optimal behaviour. 80 
The study identifies that CI should be aircraft, route, airline, stage and direction specific; that there is evi-81 
dence that airlines are making basic errors or questionable assumptions in their use of CI; and that there is an 82 
apparent widespread use of average CI values for a range of routes. The effects of these errors may include 83 
misidentifying the ECON speed, average CIs underestimating wide divergence in fuel prices on different 84 
sectors, failure to revise CI values when fuel or other costs change substantially and a general misunder-85 
standing of flight costs. 86 
 87 
Whilst Burrows et al. (2001) and Cook et al. (2009) provide valuable insights into the how CI values should 88 
be calculated and highlight areas where there may be miscalculation, there is still no indication of the magni-89 
tude of errors and the effect this can have on fuel use and carbon emissions. The early studies, particularly 90 
Liden (1985) do this to some extent but these findings are now outdated and do not reflect the current situa-91 
tion of increasing fuel costs, introduction of carbon prices and other factors, such as increased congestion 92 
and complex scheduling. The aims of this study are designed to fill these gaps where possible, as well as 93 
provide insight into where future research is needed. 94 
 95 
METHODOLOGY 96 
Comparison of Aircraft Models  97 
For a comparison of the CI ranges for different aircraft models the aircraft analytical tool Piano-X was used. 98 
Six models were available for comparison: A300-600R, A340-600, A380-800, B767-300ER, B777-300ER 99 
and the B787-8. For direct comparison the same route was used for each aircraft over a distance of 3000 NM, 100 
chosen to represent a long haul flight, taking into account the shortest maximum range of 4500NM for the 101 
A300-600R. The standard settings for Piano-X for each aircraft type were used with no restriction on availa-102 
ble flight levels. A load factor of 80% was used assuming a 3-class seating configuration, with no cargo on 103 
board. 104 
 105 
Flight outputs were generated for economy speed, LRC and Max speed. The economy setting represents the 106 
maximum range cruise (MRC) where aircraft fly with minimum fuel use. Max speed represents the physical 107 
speed limits of the aircraft, although in theory CI values can be higher than this, whilst the LRC represents a 108 
speed at which a 1% fuel penalty is accepted over MRC in exchange for a faster flight time. The speed at 109 
which a balance in costs is found is called the ECON speed. Mach numbers were chosen at suitable intervals 110 
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between the MRC and the Max speed to give a comprehensive range of flight speeds. For each Mach number 111 
the block fuel and block time were taken from the Piano-X output. Using MRC as CI=0, the time saving and 112 
extra fuel for each increase in speed above this was calculated and the CI was found by dividing extra fuel by 113 
the time saving. To allow for comparisons of flight time against fuel burn for different aircraft fuel per pas-114 
senger was calculated.  115 
 116 
B767-300ER Costs 117 
To demonstrate the role of CI in finding the ECON speed, costs calculated by the University of Westminster 118 
(2008a; 2008b) for Eurocontrol were utilised.  The B767-300ER was used as it was the only aircraft model 119 
available in Piano-X that also had available cost information. The two major time dependent costs, labour 120 
and maintenance, were used for the three scenarios set out in the University of Westminster study. The base 121 
scenario for labour is representative of an 85% load factor, no additional flight crew and five additional cabin 122 
crew members, in addition to mandated numbers, with overtime payment and 30% on costs; the low scenario 123 
assumes that with careful management of crew working hours it is possible that no extra payment is needed 124 
per marginal minute; and the high scenario represents a situation where there is a 75% load factor, one relief 125 
captain, seven additional cabin crew members and overtime payment with 40% on costs.  These costs are 126 
representative of 2008 but in comparison to fuel costs they are not expected to have changed significantly.  127 
 128 
To provide an up to date representation of the balance of time-dependent costs and fuel costs the average fuel 129 
price of 2013 was used of $142/bbl. To demonstrate the impact of jet fuel prices the peak fuel price from 130 
2008 of $180/bbl was used (Air Transport Department Cranfield University, 2010).  In addition, to provide 131 
an indication of how fuel prices may change in the future, scenarios for 2020 and 2030 were used (DECC, 132 
2013a) along with a future carbon price (DECC, 2013b). The base (central) scenario for fuel prices is based 133 
RQ'(&&¶VORQJWHUPIRUHFDVWPRGHOZLWKFHQWUDOSDUDPHWHUVWKHORZVFHQDULRUHSUHVHQWVDVLWXDWLRQZKHUH134 
unconventional oil will remains economic and for the high scenario, the model is adjusted to represent zero 135 
global supply growth to the period 2030. As these figures are only for crude oil an addition of 25% was add-136 
ed to account for the crack spread for jet fuel. For carbon prices the base (central) scenario is based on a 137 
market based approach involving averaging daily settlement prices of EUA futures contracts; the low scenar-138 
io represents a pessimistic outlook assuming continued oversupply and lack of demand for allowances for the 139 
period to 2020; and the high scenario represents a situation where there is higher economic growth, low pric-140 
es of coal relative to gas and tighter EUETS caps. All these costs are presented in Table 1.    141 
 142 
TABLE 1  Costs for B767-300ER [Data Source: University Of Westminster (2008a, 2008b); DECC (2013a, 2013b)].  143 
 
Time-Dependent Costs ($/min) Jet Fuel Cost ($/kg) Carbon Price ($/kg) 
Maintenance  Labour  20081  20132  2020  2030 2020 2030 
Low  6.6 0 1.39 1.10 0.83 0.72 0.00 0.06 
Base  6.9 18.3 1.39 1.10 1.16 1.30 0.01 0.11 
High 9.2 49.5 1.39 1.10 1.45 1.88 0.04 0.17 
1 Peak jet fuel cost in 2008, 2Average jet fuel cost for 2013  144 
 145 
Real Aircraft Data    146 
Data from a B777-300ER flight was provided by a major international airline with one year of data (2013) 147 
for an overnight flight of just over 5000NM. The aircraft uses a CI of 40 for this flight. The data was initially 148 
used to look for the effect of factors such as ISA deviation, altitude and wind conditions on flight time and 149 
fuel consumption. Taking these factors into account the data was then used validate the methodology used in 150 
section 0.  151 
 152 
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It was not possible to carry out analysis on each flight individually; therefore flights were divided into six 153 
different groups based on distance (either 5553NM or 5619NM) and maximum flight level (FL320 to FL380) 154 
with their averages used. Distance, max flight level and average passenger number (based on average weight) 155 
were inputted into Piano-X. The same method was then used to calculate the CI as in section 0. The block 156 
fuel and time was found for a range of Mach numbers, but also ensured that the Mach number for CI=40 was 157 
found. This allowed comparison with the data from Piano-X, which was adjusted to account for the wind 158 
speeds seen in the real flights. Carbon emissions were calculated for the different CI values using the stand-159 
ard conversion of 1.357kgCO2/kg-fuel.  160 
 161 
The real aircraft data also allowed for investigation of the effect that changing CI would have on the schedul-162 
ing of the aircraft. The real aircraft data provided flight times and, with the scheduled time of departure and 163 
arrival known, the amount of buffer time could be calculated. In addition Flight Aware (2014) was used to 164 
examine the actual departure and arrival times of this particular flight over a four month period.  165 
 166 
RESULTS 167 
Comparison of Aircraft  168 
It is evident from Table 2 that there are significant differences between all aircraft types evaluated in this 169 
study. When the fuel saving between MRC and Max speed is considered then reductions of up to 12.3% 170 
could be achieved for the A340-600. However, airlines generally fly at close to LRC in normal flight opera-171 
tions. The difference between MRC and LRC is much smaller at between 0.6% and 1%. But these changes 172 
are still important to an industry with profit margins of just 0.1% over the last 40 years (IATA, 2011). It is 173 
also notable that the range of CI values varies greatly for the different models, from a maximum of 28 for the 174 
A300-600R to 320 for the A380-800.  175 
 176 
The range of CI values can be further observed in Figure 1. This relationship is as expected, with time sav-177 
ings coming at the expense of extra fuel use at higher CI values. It is also interesting to note that if a negative 178 
CI was to be chosen this would result in a slower time, but an increase in fuel. This was also found by Liden 179 
(1985) but it is still unclear as to why this happens. The smaller aircraft, B767-300ER and A300-600R, have 180 
smaller ranges of CI over this distance before maximum speed is reached and show much flatter curves, 181 
meaning that a decrease in flight time only results in a small change in fuel use. The larger aircraft also 182 
demonstrate this relationship at low CI values, but as their range of CI values increases, large fuel penalties 183 
become evident for small changes in time, particularly for speeds higher than LRC.  184 
 185 
TABLE 2  The Effect on Block Fuel and Block Time Between MRC And LRC/Max Speed 186 
 
 % Difference MRC to Max  % Difference MRC to LRC CI LRC CI Max 
Airbus 
A300-600R 
Block Fuel 1.12 0.6 
20 20 
Block Time 3.0 2.3 
Airbus 
A340-600 
Block Fuel 12.3 1.2 80 80 
Block Time 4.9 1.7 
Airbus 
A380-800 
Block Fuel 6.9 1.0 
103 103 
Block Time 4.0 1.7 
Boeing 
B767-300ER 
Block Fuel 3.4 0.5 
14 14 
Block Time 5.1 2.3 
Boeing 
B777-300ER 
Block Fuel 3.4 0.7 
42 42 
Block Time 3.0 1.7 
Boeing  
B787-8 
Block Fuel  4.5 0.6 
24 78 
Block Time 3.7 0.7 
5 
 
 
 
The general relationships found in this study are the same as those found in earlier studies. Most notably Li-187 
den (1985) describes how variations in CI near the optimum value have a negligible effect on total costs with 188 
a similar result found here, that at smaller CI values where the optimum usually lies there is a much smaller 189 
change in fuel use than at higher CI values and therefore the effect on total cost is less.  190 
 191 
 192 
FIGURE 1  Relationship between fuel burn per passenger and flight time with Cost Index values shown for six aircraft models 193 
 194 
Comparing the different aircraft models in this way shows that there is considerable difference overall in 195 
terms of both fuel use and flight time. For this particular flight distance, the B787-8 demonstrates the best 196 
potential, with both low fuel use and low flight time, compared with the other aircraft. The B767-300ER 197 
shows the best results in terms of fuel consumption but with a considerable penalty in flight time. The B777-198 
300ER performs well, with a slightly higher fuel use per passenger but with the fastest flight times of the 199 
Boeing aircraft.  200 
 201 
The Airbus models perform less well over this distance. Clearly the A300-600R is not suitable for this route 202 
length with high fuel use and flight times. The A380-800 on the other hand offers the fastest flight times of 203 
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any of the aircraft models, but this comes at the expense of high fuel use. It is stressed that this is only for the 204 
given distance of 3000NM but does highlight the importance of optimisation of aircraft and CI for different 205 
routes. For example, the A300-600R, although technically capable of 3000NM range, is designed for use of 206 
shorter medium haul flights. Likewise the A380-800 is a very large aircraft and therefore is better suited to 207 
longer haul flights. Consequently, individual analysis is needed for different flight routes to discover the best 208 
aircraft type for efficiency.  209 
 210 
B767-300ER Costs  211 
Figure 2 shows that when the CI increases this causes fuel costs to also rise whilst the time-dependent costs 212 
decrease as expected. The optimum CI occurs at the point at which these costs meet. When considering the 213 
2013 fuel cost this happens at around CI=2 for the low time-cost scenario, CI=6 for the base time-cost sce-214 
nario and CI=9 for the high time-cost scenario. For the 2008 peak fuel cost the CI still equals two for the low 215 
time-cost scenario but comes down by one for the base and high time-cost scenarios.  In terms of future fuel 216 
prices, the base case for 2020 will not have a significant impact on CI, even with the addition of the base 217 
carbon price for 2020. Similarly the base case for 2030 does not even reach the 2008 peak fuel price and its 218 
effect is not significant on the CI. However, when carbon prices are added for 2030 more significant changes 219 
do occur. For the base case this brings the CI close to one with low time-costs, down to around CI=4.5 from 220 
CI=6 for the base cost scenario and to CI=8 in the high cost scenario. The biggest effect on CI if time-costs 221 
hold at their current levels would be from the high carbon price and fuel cost scenario with the CI equalling 222 
around one, three and six for the low, base and high time-costs respectively. This represents a lowering of 223 
carbon emissions of 0.1% equalling 8849 kg per flight. On the other end of the scale is the low fuel cost sce-224 
nario with no carbon costs attached. This is an unlikely scenario but has been included to show the large var-225 
iability in CI values that could be seen in the future.  226 
 227 
 228 
FIGURE 2  Cost of fuel and cost of time between MRC And LRC Cost Index values for the B767-300ER 229 
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Real Aircraft Data  230 
When fuel burn for the real data is compared with that of Piano-X the average difference between fuel burn 231 
for the two is around 6000kg. This difference can be explained by variations in flight conditions between the 232 
ideal and the real cases. The biggest impact comes from wind speed, with an average headwind on this route 233 
of 26kt. Out of the flight parameters available wind speed showed the strongest significant correlation with 234 
fuel burn. In theory the flight management computer should adjust the CI value to account for wind speed so 235 
a balance of costs can still be found. However, the CI cannot compensate for this change in speed due to a 236 
headwind completely and therefore, the overall flight time will also be increased, with a strong correlation 237 
being found here.  238 
 239 
When the Piano-X fuel use is adjusted to account for this headwind in most cases this reduces the difference 240 
between the real and ideal flights to just a few hundred kilograms of fuel. However, in two cases, large gaps 241 
in fuel use still remain between the two. This can be explained by the maximum allowable flight level which 242 
is constrained to FL320 and FL340 in these two cases. A significant correlation occurs between flight level 243 
and fuel burn because air is less dense at higher flight levels and so there is less drag on the aircraft. Similar-244 
ly ISA deviation is seen to have an effect on fuel use as higher air temperature results in lower air pressure 245 
and consequently less drag.  246 
 247 
The real aircraft data also provides an opportunity to look at whether there is buffer time in the schedule 248 
enough to accommodate a change in CI. From Figure 3a it is apparent that all flights leave late from the 249 
origin airport. The scheduled time for departure is 11.55PM local time but the majority of flights leave be-250 
tween 12.15AM and 12.35AM. Figure 3b shows the majority of flights also arrive early at the destination 251 
airport. With a scheduled time of 05.40AM local time most flights arrive between 05.00AM and 05.20AM. 252 
There are a small number of flights that do arrive late but these represent some very late departures from the 253 
origin airport of over 40 minutes. For this particular flight there is more than enough time in the schedule to 254 
accommodate the extra 12 minutes needed to move from CI=40 to CI=0 in order to save fuel under normal 255 
flight conditions.  256 
 257 
 258 
FIGURE 3: A. Departure and B. Arrival times for real data flight route over four months with red line indicating the scheduled time [Data 259 
Source: Flight Aware (2014)] 260 
 261 
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Overall, this flight could experience fuel savings of between 0.03% and 0.71% resulting in carbon savings of 262 
up to 2090kg per flight. In monetary terms this is a saving in fuel costs of between $32 and $655 per flight. 263 
This may seem small but considering flights on a yearly basis with eight flights per day on this route, a sav-264 
ing of $500,000 could be achieved. If the whole fleet of B777-300ER aircraft for the airline in question is 265 
considered, covering a distance of 141,336NM on a daily basis, then a saving of $1.4 million could be seen 266 
along with a carbon saving of 4873 tonnes.  267 
 268 
DISCUSSION  269 
The results of this study indicate that the CI is an important tool for determining the fuel burn of a flight and 270 
consequently the contribution of that flight to carbon emissions. Although percentage changes in fuel use and 271 
carbon emissions may appear small, for an airline that can easily spend hundreds of thousands of dollars on 272 
jet fuel every day and an industry that emitted 705 million tonnes of CO2 in 2013 (ATAG, 2014), these are 273 
significant savings.  274 
 275 
However, the first hurdle in making sure the fuel is used efficiently, taking in account other time-dependent 276 
costs, is to make sure that the right CI is being calculated. Significant differences were found in CI between 277 
different aircraft types. Although they all showed the same general relationships of fuel use and time, there 278 
were big differences in the overall fuel use. This highlights the fact that even before CI is chosen, aircraft 279 
selection for individual routes is vital to fuel efficient flights as different aircraft are designed to fly different 280 
distances optimally. The comparison of aircraft also demonstrated that the relationship between CI and fuel 281 
use is not linear and the biggest reductions in fuel use are experienced when moving from high CI values, 282 
particularly above LRC. However, even at lower CI values where the saving in fuel may be a lot less, chang-283 
es in CI are still important with Burrows et al. (2001) stating that savings of even $150 per sector by an air-284 
line, which serves 20 similar sectors daily, would produce an annual saving of around $1.1 million. There-285 
fore, continually ensuring that CI values are accurate can be seen as a contribution to a kaizen type cost re-286 
duction process where continual savings in costs are being made.  287 
 288 
The biggest error in calculating CI values undoubtedly comes from the miscalculation of operating costs. For 289 
analysis of the B767-300ER costs in this paper, values from Cook et al. (2009) were used as these are the 290 
most comprehensive figures available, but it is stressed that there are still a large number of assumptions as-291 
sociated with them. This being said, the example given of the cost balance for the B767-300ER provides a 292 
demonstration of the effect of varying fuel prices, which will be a critical factor in the calculation of CI go-293 
ing forward. It is clear that small fuel price changes do not have a significant effect on the CI up to 2020. 294 
However, substantial changes do occur with 2030 jet fuel price projections when a carbon price is added in. 295 
If the carbon price is to have any effect on the day-to-day operations of aircraft it is important that the price 296 
is set sufficiently high to move to lower CI values. Analysis of balance of costs, as performed in this study, 297 
should be a central part of determining suitable price levels. For the B767-300ER there is only a small range 298 
of CI values over 3000NM, therefore for other aircraft models with a wider range of CI values available sav-299 
ings in carbon emissions are likely to be higher.   300 
 301 
Whilst fuel costs can be very variable and therefore require CI values to be updated regularly, time-302 
dependent costs will generally be more stable and the airline has more control over them. But as already 303 
stressed the difficulty is in knowing what these costs are in the first place. No overall solution can be provid-304 
ed to the industry due to each airline having different cost structures.  305 
Labour costs vary owing to the number of different expense and salary packages that are available with three 306 
key drivers of costs as follows: 307 
x The country of operation ± different countries have different salary expectations.  308 
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x The type of operation ± in general national carriers pay more than low cost airlines, as well as 309 
providing more classes of travel, requiring more cabin crew on board.  310 
x The size of the aircraft ± salary for flight crew increases with aircraft size and with more seats and 311 
class options, more cabin crew are required for larger aircraft.  312 
Even in the same airline and on the same aircraft there can be a large range of salaries for the same job cate-313 
gory depending on experience. For example, on a B747-400, the range of salaries is from 110,000 euros to 314 
205,000 euros for a captain (University of Westminster, 2008a). Additionally flight crew costs become com-315 
plicated above certain distances owing to the requirement of a relief captain to be on-board and the number 316 
of rest hours required between flights being proportional to the number of block flight hours (Swan and Ad-317 
ler, 2006; Burrows et al., 2001). This suggests that CI needs to be not only route and aircraft specific but also 318 
flight specific.  319 
 320 
Although it may appear that airlines have more control over labour costs than costs such as fuel, this may not 321 
always be the case. Since deregulation, airlines have tried to reduce labour costs through increased produc-322 
tivity, but this has only been successful up until a point as regulation requires a certain number of crew on-323 
board the aircraft and mandates working hour restrictions. The biggest changes in labour costs are likely to 324 
result from these changes in regulation, something that has been recently seen in Europe with the European 325 
Parliament implemented new legislation as of 2013 regarding aircrew fatigue. Maximum flight duty time has 326 
been decreased from 11 hours 45 minutes to 11 hours of night flying for pilots with a reduction in the maxi-327 
mum number of flying hours in 12 consecutive months from 1,300 to 1,000 (European Commission, 2013). 328 
Changes such as these will require airlines to adjust their CI as they may have significant effects on labour 329 
costs.  330 
Maintenance is the other key time-dependent cost which can be very difficult to calculate. Regular mainte-331 
nance consists of four different line checks that vary from short at gate checks to a month long process of 332 
total disassembly of the aircraft. Intervals between these checks depend on either flight hours or number of 333 
months between checks, therefore increasing flight time means more checks of the aircraft. Many airlines 334 
now outsource their maintenance through power-by-the-hour contracts or cost-per-flying-hour contracts with 335 
financial penalties for exceeding the agreed contract hours (University of Westminster, 2008b). Problems 336 
arise with calculating maintenance costs as there are so many joint costs involved that it can be hard to sepa-337 
rate those that are driven by flight cycles compared to those that are driven by flight hours (Burrows et al., 338 
2001; Doganis, 2002). Even when maintenance costs can be accurately calculated, CI values must still be 339 
reviewed at suitable intervals as maintenance costs will change with the age of the aircraft (University of 340 
Westminster, 2008b).  341 
 342 
One of the key elements in changing a flight¶s CI is whether the schedule can accommodate this change. For 343 
the real flight used in this study there was more than sufficient buffer time to change the CI value. However, 344 
this may not always be the case and therefore if airlines are to fly efficiently this may require a change in 345 
schedule, with the knock on effects this may have on costs needing to be taken into account. The realities of 346 
an actual flight must also be considered. As highlighted from the real aircraft data results, wind is a particu-347 
larly important factor to consider. Although the flight management system does take wind speed into account 348 
when using CI, this may have adverse effects on the schedule. The flight level used is also very important 349 
and can have a significant effect on flight time and fuel burn. A CI may be optimum at one flight level and 350 
not another and can be changed by ATC, therefore airlines need to be aware of these changes to implement 351 
optimum CIs more flexibly.  352 
 353 
Another area where airlines may have little control is over holding at their destination airport implemented 354 
by ATC. There is little point in flying with optimal CI values when holding may expend more fuel and in-355 
crease overall flight time. A future solution would be to integrate ATC and airlines more effectively with the 356 
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use of 4-D trajectories allowing for a timed arrival. In practice this works by ATC initiating a trajectory ne-357 
gotiation via datalink when a flight is around 40 minutes away from its destination. The 3-D route is agreed 358 
E\WKHDLUFUDIWDQG$7&DQGWKHQWKHDLUFUDIW¶VIOLJKWPDQDJHPHQWV\stem finds an estimated time of arrival 359 
and ATC will confirm a controlled arrival time. Research has shown that this is operationally and technically 360 
feasible but it will require collaboration from key stakeholders to become a reality (Mutuel and Neri, 2013).  361 
 362 
Whilst there are still many issues relevant to CI today, it is also important to consider that a number of fac-363 
tors will affect its use in the future. As already mentioned carbon pricing is an upcoming issue which will 364 
need to be factored into the fuel side of the CI equation. There has been a significant push for carbon trading 365 
to be introduced into the aviation industry for a number of years but the biggest move towards this came in 366 
2012 when aviation was included in the EUETS. This was originally set to include all aircraft arriving and 367 
departing in Europe. However, after strong resistance form some international airlines the European Com-368 
mission used this as an opportunity to encourage a global trading agreement to be decided upon by ICAO. 369 
7KH(XURSHDQ&RPPLVVLRQ³VWRSSHGWKHFORFN´IRUIOLJKWs arriving and departing from outside of Europe 370 
until a global agreement was reached at the ICAO Assembly in 2013. The result was that ICAO agreed that a 371 
global market based mechanism would be decided upon by 2016, ready for implementation from 2020. 372 
Therefore carbon pricing seems an inevitable part of the aviation industry in the future.  373 
 374 
There are also a number of other factors which will play their part, such as changes in aircraft technology 375 
that reduce fuel use and maintenance costs, changes in the size of aircraft, congestion issues and airport ex-376 
pansion, political and technological impacts on oil prices and pricing of airspace affecting certain routes. 377 
Additionally, as well as aviation impacting on climate change, climate change may also impact on aviation 378 
by changing the jet stream and potentially increasing severe weather events. Therefore, it is not only essen-379 
tial that CI is further researched and optimised at present, but also further research is needed into the changes 380 
in the future that may have an effect on the industry. 381 
 382 
CONCLUSION 383 
This study has demonstrated that CI is an important tool for controlling fuel use on a flight-to-flight basis. 384 
Even with small improvements in fuel use of around 1% the industry could save around $2 billion in fuel 385 
costs and seven million tonnes of carbon emissions annually. At present it is unclear how many airlines may 386 
be using the wrong CI, but the evidence suggests that misuse is widespread. The key barrier to using CI suc-387 
cessfully is the calculation of time-dependent costs and this is unlikely to be resolved until flight operations 388 
and financial departments of airlines cooperate on this issue. Fuel use will be a key factor in the future in 389 
determining CI values but reliance of this alone is unlikely to reduce CI values and therefore carbon emis-390 
sions. To do this a sufficient carbon price will be needed to encourage airlines to move to lower CI values 391 
and it will be important for policy makers to take this into account when considering the use of carbon pric-392 
ing.  393 
 394 
Looking forward it will also be important to consider the whole system. Even though airlines can effectively 395 
decide on their own CI values, they are still subject to changing ATC constraints which may have an adverse 396 
effect on fuel use. Better coordination is needed between these two stakeholders to reduce the likelihood of 397 
this and a move towards 4-D trajectories may be an key part of this. There will also need to be further re-398 
search on how developments within the industry, such as technological changes, policies regarding conges-399 
tion and environment effects will impact on the use of CI in the future and whether carbon emissions are 400 
likely to increase or decrease as a result. In general there needs to be a better understanding of the use of CI 401 
and for it to be seen as dynamic tool for ensuring each flight is as efficient as possible.  402 
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